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Why the immune system fails to mount an adaptive
immune response to a COVID-19 infection
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Dear Editors,

The COVID-19 pandemic has already affected many
thousands of people and has become the greatest health
challenge worldwide [1]. The range of clinical presenta-
tions varies from asymptomatic and mild clinical symp-
toms to acute respiratory-distress syndrome (ARDS) and
death. Due to the unknown number of asymptomatic
viral-shedding and pauci-symptomatic people in the
community, the total number of infections is uncertain.
As yet, effective treatment is unavailable. However, the
results of preliminary studies and clinical trials are
improving our understanding of the pathogenesis and
treatment of COVID-19. Herein, we share our personal
opinions on the immunopathogenesis of this infection.
The virus enters the cell via the angiotensin-converting
enzyme-2 (ACE-2) and is sensed (essentially) by Toll-like
receptor 7 (TLR7), which exists in endosomes [2]. TLR7
activation leads to the production of alpha interferon,
TNEF-alpha, and the secretion of interleukin (IL)-12 and
IL-6. This results in the formation of CD8"-specific cyto-
toxic T cells and, through the CD4" helper T cell, leads to
the formation of antigen-specific B cells and antibody
production [3,4]. This adaptive immune response con-
trols the viral infection and determines clinical recovery.

It seems that when the body is unable to produce an
adequate adaptive response against the virus, the persis-
tent innate-induced inflammation can then lead to a
cytokine storm, ARDS, and diffuse organ involvement
[5]. Apart from importance of comorbidities like hyper-
tension, diabetes mellitus, and coronary heart disease in
increasing the risk of mortality, immunosenescence
must play a crucial role. With aging, the population of
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naive T cells shrinks while antigen-experienced, memory
T cells comprise an important portion of T-cells popu-
lation [6,7]. It means that the ability of immune system
of elderly to respond to previously exposed pathogens is
more preserved compared to never-exposed pathogens.
In contrast, in children there is huge number of naive T
cells ready to be educated by new pathogens. This can
be one of the explanations for COVID-19 milder pre-
sentation and significantly lower mortality in children
compared to elderly. This situation is close to solid
organ-transplanted (SOT) patients because our routine
immunosuppressive drugs are effective against naive T
cells but not able to block memory T-/B cells.

During TLR7 signaling-related cytokine secretion, IL-
6 may play an important role. Interleukin-6 has a pleo-
tropic role across the immune system. It is crucial in
the formation of follicular helper T cells, TH17 subset
deviation, and for the formation of long-lived plasma
cells. However, IL-6 can block CD8" cytotoxic T cells
by inhibiting the secretion of gamma interferon. More-
over, IL-6 by inducing suppression of cytokine signaling
(SOCS-3) and increasing the expression of PD-1 can
paralyze the cell-mediated antiviral response during a
cytokine storm [8]. Among the current medications
used to manage COVID-19, although results from the
antiviral drugs are still inconclusive [9], studies on
chloroquine and its less toxic derivative hydroxychloro-
quine have been associated with shortening viral replica-
tion [10]. Their mechanisms of action are to block viral
replication in the endosome by preventing endosomal
acidification and endolysosomal fusion. Moreover,
hydroxychloroquine blocks entry of the virus into cells.
In addition, hydroxychloroquine can block TLR7 and
TLRY signaling and, thus, can reconstruct the CD8"
cytotoxic viral response [11,12]. The addition of azithro-
mycin further reduces the nasopharyngeal COVID-19
virus PCR, as shown by Gautret et al. [13]. This is prob-
ably through azithromycin immunomodulatory activity
via blocking IL-6 and TNF-alpha.

Furthermore, in severe COVID-19 cases, for example,
in ARDS, a preliminary report from China showed that
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the addition of tocilizumab was efficient via blocking
IL-6 activity [14]. A clinical trial in Italy (TOCIVID-19)
is ongoing (NCT04317092).

Data are still very limited regarding the optimal man-
agement of transplant patients. Some centers [15-18]
aggressively reduce the immunosuppression by withdraw-
ing antimetabolites, discontinue or major reduction in
calcineurin inhibitor (CNI) while keeping small doses of
steroids. Attention must also be paid to the major inter-
action between protease inhibitors (lopinavir—ritonavir)
and CNIs. Moreover, it seems necessary to reduce the
dose of CNIs while using chloroquine or hydroxychloro-
quine. Frequent monitoring of CNI drug levels is recom-
mended. However, Carbajo-Lozoya ef al. have shown that
Coronavirus (CoV) replication depends on active immu-
nophilin pathways. Tacrolimus can strongly inhibit the
growth of the human coronaviruses SARS-CoV, HCoV-
NL63, and HCoV-229E at low, noncytotoxic concentra-
tions in cell culture [19]. Based on these data, it makes
sense to study the effect of keeping low doses of
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tacrolimus in COVID-19-infected SOT patients. In more
advanced stages of COVID-19 (cytokine storm syn-
drome), treatment probably should focus on reducing
uncontrolled inflammation by blocking IL-6, TNF-alpha,
or by removing cytokines by hemoperfusion.

To conclude, in populations at risk (elderly, associ-
ated comorbidities, immunosuppressed), when activa-
tion of the innate immune system fails to produce an
adequate adaptive response (i.e., virus-specific CD8" T
cells), it seems that persistent self-induced inflammation
can then cause mortality. Thus, mounting an early
adaptive immune response may save lives.
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